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Description
Field
[0001] The present invention relates to a filter device and an electric-vehicle drive controller.
Background

[0002] As a conventional electric-vehicle drive controller, for example, Patent Literature 1 listed below discloses an
apparatus that includes a filter device constituted by a filter reactor and a filter capacitor on an input side (a direct-current
overhead-line side) of an inverter, thereby preventing a noise current generated when the inverter drives a motor from
flowing out to the direct-current overhead-line side.

[0003] Meanwhile, when a noise current generated by an inverter is large or when a noise-current regulation value is
small (that is, when the withstanding amount of the noise current is small), for example, there is a case of configuring a
double-stage filter to further reliably prevent the noise current from flowing out, as described in Patent Literature 2 listed
below.

[0004] The filter device disclosed in Patent Literature 2 is configured by using a filter reactor in which filters of a double-
stage filter are magnetically coupled to each other for improving a noise-current suppression effect (a flowing-out pre-
vention effect), as compared to the filter device described in Patent Literature 1. Further, in the filter device disclosed in
Patent Literature 2, a third filter reactor is electrically connected to an intermediate tap drawn from a connection point
of a first filter reactor constituting a first-stage filter and a second filter reactor constituting a second-stage filter. The third
filter reactor is used for canceling a negative equivalent inductance generated by magnetic coupling of the first and
second filter reactors. By providing the third filter reactor, it is made possible to obtain an originally intended double-
stage filter. Accordingly, the noise-current attenuation characteristic in a high-frequency region that is degraded if the
third filter reactor is not provided can be the noise-current attenuation characteristic originally intended for a double-
stage filter. By using filter reactors that are magnetically coupled to each other, downsizing thereof can be achieved.

Citation List
Patent Literatures
[0005]

Patent Literature 1: Japanese Patent Application Laid-open No. H02-151202
Patent Literature 2: Japanese Patent Application Laid-open No. 2002-315101

Summary
Technical Problem

[0006] However,inthe filter device described in Patent Literature 2 listed above, when a short-circuit fault has occurred
in a second filter capacitor connected to an intermediate tap, a short-circuit current from an overhead line does not flow
to a first filter reactor, but only flows through a second filter reactor. Accordingly, a fault current flowing through the
second filter capacitor having the short-circuit fault occurred therein becomes large, and a circuit breaker of a system
on a higher level than a circuit breaker provided between the overhead line and the filter device may be operated. When
the circuit breaker of a higher-level system is accidentally operated, power supply to other electric vehicles is also
stopped, so that there has been a problem that the vehicle operation of an entire railway company is greatly hindered.
[0007] Even when the circuit breaker of a higher-level system is not operated but a circuit breaker of a vehicle itself
is operated, it is difficult to determine whether a fault has occurred in a second filter capacitor or an inverter, and thus
the inverter cannot be operated. Accordingly, the vehicle cannot travel to a rail yard and the like by itself and there has
been a problem that the vehicle operation of the railway company is hindered to some extent.

[0008] There has been also a problem that, when a short-circuit fault occurs in the second filter capacitor, the filter
characteristic is changed greatly and thus a noise-current suppression effect is degraded.

[0009] The same holds true for a case in which, when a specified-frequency bypass filter having an inductance element
and a capacitance element forimproving an attenuation rate of a noise current in a specified-frequency region is connected
without having a substantially large inductance element between a power supply source and the specified-frequency
bypass filter itself, a short-circuit fault occurs in the specified-frequency bypass filter.

[0010] The presentinvention has been achieved in view of the above problems, and an object of the present invention
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is to provide a filter device that is, even when a short-circuit fault occurs in a capacitance element that is connected
without having a substantially large inductance element between a power supply source and the capacitance element
itself, capable of immediately removing the short-circuit fault and operating an inverter after the short-circuit fault has
been removed.

Solution to Problem

[0011] In order to solve the aforementioned problems, a filter device that removes a noise current generated by an
inverter according to one aspect of the present invention is constructed to include: a first filter capacitor that is provided
in parallel to a direct-current unit of the inverter between a high-potential side bus of the direct-current unit of the inverter
and a low-potential side bus of the direct-current unit of the inverter; a second filter capacitor that is provided to be closer
to a side of the overhead line than the first filter capacitor and that is provided in parallel to the first filter capacitor between
the high-potential side bus and the low-potential side bus; a first filter reactor that is provided on the high-potential side
bus between the first filter capacitor and the second filter capacitor; a second filter reactor that is provided on the high-
potential side bus between the second filter capacitor and the overhead line, and is magnetically coupled to the first
reactor; and a circuit disconnecting unit that is serially connected to the second filter capacitor between a connection
point of the first filter reactor and the second filter that are magnetically coupled to each other and the low-potential side
bus; a specified-frequency bypass filter that removes a noise current of a specified frequency, in which a bypass circuit
disconnecting unit, a bypass inductance element, and a bypass capacitance element are connected in series, wherein
the specified-frequency bypass filter is provided between the high-potential side bus and the low-potential side bus, and
is provided in parallel to the first filter capacitor and the second filter capacitor, where one end of the specified-frequency
bypass filter is connected between the overhead line and the second filter reactor or between a high-potential side of
the first filter capacitor and the first filter reactor and the other end of the specified-frequency bypass filter is connected
to the low-potential side bus.

Advantageous Effects of Invention

[0012] According to the present invention, even when a short-circuit fault occurs in a capacitance element that is
connected without having a sufficiently large inductance element between a power supply source and the capacitance
element itself, it is made possible to securely remove the short-circuit fault and to operate an inverter after the short-
circuit fault has been removed.

Brief Description of Drawings
[0013]

FIG. 1 is a diagram illustrating a configuration example of an electric-vehicle drive controller according to a first
example useful for understanding the invention of the present invention.

FIG. 2 is a diagram illustrating an equivalent circuit of a filter device illustrated in FIG. 1.

FIG. 3 is a diagram illustrating a simulation result of the equivalent circuit illustrated in FIG. 2.

FIG. 4 is a diagram illustrating a configuration of an electric-vehicle drive controller disclosed in Patent Literature 1
and the like.

FIG. 5is a diagram illustrating a configuration of an electric-vehicle drive controller disclosed in Patent Literature 2.
FIG. 6 is an explanatory diagram of a filter characteristic of the filter device illustrated in FIG. 5.

FIG. 7 is an explanatory diagram of a case where a short-circuit fault has occurred in a capacitor of the electric-
vehicle drive controller illustrated in FIG. 4 and then a short-circuit current flows.

FIG. 8 is an explanatory diagram of a case where a short-circuit fault has occurred in a capacitor on an overhead-
line side of the electric-vehicle drive controller illustrated in FIG. 5 and then a short-circuit current flows.

FIG. 9 is a diagram illustrating a configuration example of an electric-vehicle drive controller according to a second
example useful for understanding the invention of the present invention.

FIG. 10 is a diagram illustrating an embodiment of the invention of a case where a specified-frequency bypass filter
is inserted to be closer to an overhead-line side than a filter reactor, in a single-stage filter device.

FIG. 11 is a diagram illustrating an example of a case where the specified-frequency bypass filter is inserted to be
closer to a load side than the filter reactor, in a single-stage filter device.

FIG. 12 is a diagram illustrating an example of a case where the specified-frequency bypass filter is inserted to be
closer to an overhead-line side than a second filter reactor, in a double-stage filter device using filter reactors that
are magnetically coupled to each other.

FIG. 13 is a diagram illustrating an example of a case where the specified-frequency bypass filter is inserted to be
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closer to a load side than a first filter reactor, in a double-stage filter device using filter reactors that are magnetically
coupled to each other.

FIG. 14 is a diagram illustrating an example of a case where the specified-frequency bypass filter is inserted to be
closer to an overhead-line side than a second filter reactor, in a double-stage filter device using filter reactors that
are not magnetically coupled to each other.

FIG. 15 is a diagram illustrating an example of a case where the specified-frequency bypass filter is inserted to be
closertoaloadside than afirstfilter reactor, in a double-stage filter device usingfilter reactors that are not magnetically
coupled to each other.

FIG. 16 is a diagram illustrating a filter characteristic in which an attenuation rate at approximately 25 hertz is
improved in the filter device illustrated in FIG. 12.

Description of Examples and Embodiments

[0014] Exemplary embodiments of a filter device and an electric-vehicle drive controller according to the present
invention will be explained below in detail with reference to the accompanying drawings. The present invention is not
limited to the embodiments.

[0015] First example useful for understanding the invention.

[0016] FIG. 1is a diagram illustrating a configuration example of an electric-vehicle drive controller according to a first
example useful for understanding the invention of the present invention. The electric-vehicle drive controller according
to the first example useful for understanding the invention includes, as main constituent parts, a filter device 5, an inverter
6, and a motor (an induction motor or a synchronous motor) 7. The filter device 5 is positioned between a circuit breaker
4 provided on a side of a power supply source of direct-current power and the inverter 6. The filter device 5 includes
first to third filter reactors (51ato 51c), first and second filter capacitors (52a and 52b), and a fuse 53 serving as a circuit
disconnecting unit. When a current larger than a rated current flows in the fuse 53, the fuse 53 is melted and thus a
circuit is disconnected. As long as a circuit is disconnected when a current larger than a rated current flows, any device
other than a fuse can be used as the circuit disconnecting unit.

[0017] In FIG. 1, a direct-current voltage is applied between an overhead line 1 serving as a power supply source of
direct-current power and arail 2, and when a power collector 3 contacts a high-potential side of the direct-current voltage,
the direct-current voltage is applied via the circuit breaker 4 and the filter device 5 to a high-potential side bus 55a of a
direct-current unit of the inverter 6. A low-potential side bus 55b of the direct-current unit of the inverter 6 is connected
via a wheel 8 to the rail 2. The inverter 6 converts received direct-current power into alternating-current power that is
subjected to variable voltage variable frequency control (VVVF control) or constant voltage variable frequency control
(CVVF control), and supplies alternating-current power to the vehicle drive motor 7. The filter device 5 removes a noise
current generated by the inverter 6 and prevents the noise current from flowing out to the overhead line 1.

[0018] The first and second filter reactors (51a and 51b) illustrated in FIG. 1 are constituted by a reactor with an
intermediate tap. The reactor with an intermediate tap is divided into two inductance elements, that is, the first filter
reactor 51a and the second filter reactor 51b by the position of the intermediate tap. A part of the reactor with an
intermediate tap closer to a side of an inverter with respect to the intermediate tap corresponds to the first filter reactor
51a. A part of the reactor with an intermediate tap closer to a side of the power supply source with respect to the
intermediate tap corresponds to the second filter reactor 51b. The first filter reactor and the second filter reactor may be
formed separately. When two separate reactors are formed, itis permissible that these reactors are magnetically coupled
to each other or are not magnetically coupled to each other.

[0019] The firstand second filter reactors (51a and 51b) are connected to the high-potential side bus 55a of the direct-
current unit of the inverter 6. Because these filter reactors are a reactor with an intermediate tap, the first filter reactor
51a is magnetically coupled to the second filter reactor 51b.

[0020] One end of the first filter capacitor 52a is connected to the high-potential side bus 55a of the direct-current unit
of the inverter 6 to which one end of the first filter reactor 51a is connected, and the other end of the first filter capacitor
52ais connected to the low-potential side bus 55b of the direct-current unit of the inverter 6. That s, the first filter capacitor
52a is provided in parallel to the direct-current unit of the inverter 6. The first filter capacitor 52a and the first filter reactor
51a constitute a first-stage filter circuit (a Low Pass Filter (LPF) circuit). The first filter reactor 51a is also simply referred
to as "filter reactor”, and the first filter capacitor 52a is also simply referred to as "filter capacitor".

[0021] One end of the fuse 53 is connected to an intermediate tap 57 drawn from a connection point 54 of the first
filter reactor 51a and the second filter reactor 51b. The other end of the fuse 53 is connected to one end of the second
filter capacitor 52b. The other end of the second filter capacitor 52b is connected to one end of the third filter reactor
51c. The other end of the third filter reactor 51c is connected to the low-potential side bus 55b. That is, a series circuit
unit 56 in which the second filter reactor 51b, the fuse 53, the second filter capacitor 52b, and the third filter reactor 51¢c
are connected in series is configured to be connected between the overhead line 1 and the low-potential side bus 55b
via the intermediate tap 57.
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[0022] The series circuit unit 56 constituted by the second filter reactor 51b, the fuse 53, the second filter capacitor
52b, and the third filter reactor 51c configures a second-stage filter circuit (an LPF circuit). The second filter reactor 51b
is an inductance element that constitutes a series circuit unit, the fuse 53 is a circuit disconnecting unit, and the second
filter capacitor 52b is a capacitance element. One end of the first filter reactor 51a on the side of the power supply source
of direct-current power is connected to the series circuit unit 56 at the connection point 54 of the first filter reactor 51a
and the second filter reactor 51b.

[0023] InFIG. 1, the fuse 53, the second filter capacitor 52b, and the third filter reactor 51c included in the series circuit
unit 56 are connected in series in this order. A block of these elements connected in series is provided to be connected
between the intermediate tap 57 and the low-potential side bus 55b. The connection order of these elements can be
changed. For example, it is permissible that the fuse 53, the third filter reactor 51c¢, and the second filter capacitor 52b
are provided in this order from a high-potential side. However, it should be noted that at the time of repairing after a
short-circuit fault of a second filter capacitor that is described later, a fuse has been cut and thus the second filter capacitor
has an earth potential, so that a repairing operation becomes easy. For this reason, it is preferable that the fuse is
provided on the high-potential side as illustrated in FIG. 1.

[0024] FIG. 2 is a diagram illustrating an equivalent circuit of the filter device 5 illustrated in FIG. 1. In FIG. 2, L, and
L, denote self-inductances of the first and second filter reactors (51a and 51b), M denotes a mutual inductance between
the first and second filter reactors (51a and 51b), Lg denotes a self-inductance of the third filter reactor 51c, and C, and
Cg denote capacitances of the first and second filter capacitors (52a and 52b). Rg denotes a resistance component of
a circuit including the fuse 53, the second filter capacitor 52b, and the third filter reactor 51c.

[0025] Next, a simulation result of the equivalent circuit illustrated in FIG. 2 is described. FIG. 3 is a diagram (a graph)
illustrating a simulation result of the equivalent circuit illustrated in FIG. 2. In FIG. 3, a solid line denotes a waveform of
an attenuation rate in a case where Ly and L, are not equal, a broken line denotes a waveform of a phase in the case
where L, and L, are not equal, a one-dot chain line denotes a waveform of the attenuation rate in a case where L, and
L, are equal, and a two-dot chain line denotes a waveform of the phase in the case where L, and L, are equal. In the
following descriptions, itis assumed that a value of the resistance component Rg of a series circuit unitis ignored because
this value is very small. Further, it is assumed that a negative inductance component (-M) generated by a current flowing
in the intermediate tap 57 due to magnetic coupling of the first and second filter reactors (51a and 51b) is canceled by
an inductance component (M) of the third filter reactor 51c, and an inductance value between the intermediate tap 57
and the low-potential side bus 55b is zero or sufficiently small. Thatis, the third filter reactor 51cis a coupling compensation
inductance element that compensates a negative equivalent inductance component generated by the current flowing in
the intermediate tap 57 due to the magnetic coupling of the first and second filter reactors (51a and 51b).

[0026] Assuming that a current flowing in from a side of the inverter 6 to the filter device 5 is denoted by |, and a
current flowing out from the filter device 5 to a side of the overhead line 1 is denoted by I, a noise-current suppression
ratio (l,.¢/lin) that is represented by a ratio of a flow-out current |, ; and a flow-in current |;, can be represented by the
following formula. The suppression ratio is also referred to as "attenuation rate".

[Formula 1]

1
out  _ ; > cee (D)
1, oL, L,CC: — & {LC, + L,C.} + 1

[0027] In the above formula, L4y denotes an equivalent inductance of the first filter reactor 51a, L, denotes an
equivalent inductance of the second filter reactor 51b, and these equivalent inductances are represented by L y,=L4+M
and Ly,=L,+M, respectively. L represents a sum of the equivalent inductance L, of the first filter reactor 51a and the
equivalent inductance L), of the second filter reactor 51b. The relation of L=L4y,+L,y=L+L,+2M is established among
L, L4ym, and Loy or between L and L,.

[0028] In order to increase the attenuation rate of a noise current, the denominator of the above formula (1) needs to
be increased. However, a dominant term varies depending on frequency regions where two resonance frequencies
serve as a boundary. A frequency at which the denominator of the above formula (1) is zero, that is, a resonance
frequency og can be represented by the following formula.

[Formula 2]

(Lcl + LlMCS) * \/(Lcl + LlMCS)2 — 4L1ML2MC1CS
2L,,L,,,C,C.

1M—2M

-(2)

[0029] In the above formula (2), a frequency when a minus (-) sign is selected is a resonance frequency (o)R_|0W) on
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a low-frequency side, and a frequency when a plus (+) sign is selected is a resonance frequency (og yign) ©n @ high-
frequency side. Because of the resonance frequency wg | ow On the low-frequency side and the resonance frequency
®R Hich ON the high-frequency side, a term that influences the attenuation rate most varies depending on regions and
a method of maximizing the attenuation rate also varies depending on regions as represented in the following Table 1.

Table 1
FREQUENCY TERM INFLUENCING ATTENUATION METHOD OF MAXIMIZING
REGION RATE MOST ATTENUATION RATE
EEGION OHzto og | ow o*LyyLlowCqCs Lim=Lom, C1=Cg
REGION | or Low o -0¥LCq,L4yCs} Lypm<<Lam, C1 <<Cs
(2) OR_HIGH
REGION o) and
(3) higEHeerH o*LyyLomC1Cs Lim=Lom: C1=Csg

[0030] With reference to Table 1, in regions (1) and (3), when a coefficient of the fourth-order term of the frequency
o in the formula (1) is larger than that of the second-order term, the attenuation rate is increased. On the other hand, in
the region (2), when the coefficient of the fourth-order term is smaller than that of the second-order term, the attenuation
rate is increased. Therefore, a request in the regions (1) and (3) is contrary to a request in the region (2), and thus there
is not a solution that maximizes the attenuation rate in all regions. However, the following matters are found from Table
1and FIG. 3.

[0031] When Ly\=L,y (that is equivalent to L,=L,) and C;=Cg, two resonance frequencies og | oy and or yigH
approach to each other, so that the region (2) can be reduced. - N

* The frequency band of the region (3) is larger than that of the region (2).
e The attenuation rate in the region (2) can be attenuated by control.

[0032] Accordingly, if a condition of maximizing the attenuation rate is satisfied, that is, L{=L, and C,=Cg are satisfied
in the region (3), in practice, the attenuation rate of a noise current can be maximized. The simulation result of FIG. 3
also represents effects of improvement in the attenuation rate in the region (3) due to L4=L,.

[0033] When inductances of the first and second filter reactors (51a and 51b) are made equal to each other, other
problems from different viewpoints occur. These problems are described with reference to FIGS. 4 to 8.

[0034] FIG. 4isadiagramillustrating a configuration of an electric-vehicle drive controller disclosed in Patent Literature
1 listed above and the like. The electric-vehicle drive controller illustrated in FIG. 4 includes a single-stage filter device
5X constituted by a filter reactor 51X and a filter capacitor 52X.

[0035] FIG.5isadiagramillustrating a configuration of the electric-vehicle drive controller disclosed in Patent Literature
2 listed above. In a filter device 5Y of the electric-vehicle drive controller illustrated in FIG. 5, constituent parts denoted
by same reference signs are identical to those of the filter device 5 according to the first example useful for understanding
the invention described above. The filter device 5Y is different from the filter device 5 according to the first example
useful for understanding the invention in that the fuse 53 serving as a circuit disconnecting unit is not provided in the
filter device 5Y.

[0036] FIG. 6 is an explanatory diagram of a filter characteristic of the filter device 5Y illustrated in FIG. 5, and is a
diagram (a graph) illustrating a gain (an attenuation rate) that indicates a degree to which a noise current generated by
aninverter remains in a direct-current overhead line current. The single-stage filter illustrated in FIG. 4 has a characteristic
indicated by a broken line 56; however, if the single-stage filter is merely changed to a double-stage filter by using
magnetically coupled filter reactors, the gain characteristic in a high-frequency range is degraded as indicated by a solid
line 57, because of a negative equivalent inductance generated by magnetic coupling. When the third filter reactor 51c
that cancels the negative equivalent inductance is connected as described in the invention of the present application
and as illustrated in FIG. 5, the gain characteristic in the high-frequency range is improved to be a gain characteristic
that is originally intended for a double-stage filter.

[0037] FIG. 7 is an explanatory diagram of a case where a short-circuit fault has occurred in a capacitor of the electric-
vehicle drive controller illustrated in FIG. 4 and then a short-circuit current flows. FIG. 8 is an explanatory diagram of a
case where a short-circuit fault has occurred in a capacitor on an overhead-line side of the electric-vehicle drive controller
illustrated in FIG. 5 and then a short-circuit current flows. In a case of the filter device 5X that is a single-stage filter, as
illustrated in FIG. 7, even when a short-circuit fault has occurred in the inverter 6 or the filter capacitor 52X, the filter
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reactor 51X is sufficiently large and thus it is possible to suppress the speed at which the short-circuit current generated
at the time of the fault increases. As a result, the circuit breaker 4 can block the short-circuit current before the short-
circuit current becomes large enough to cause.

[0038] Also in the double-stage filter device 5Y illustrated in FIG. 5, when a short-circuit fault occurs in the first filter
capacitor 52a, a current flowing in the first filter capacitor 52a at which the short-circuit fault has occurred flows in the
first and second filter reactors (51a and 51b), and thus the state of the double-stage filter device 5Y becomes identical
to that of the single-stage filter device 5 illustrated in FIG. 4. As a result, no serious problem occurs.

[0039] Ontheotherhand, asillustratedin FIG. 8, a short-circuit current that flows when a short-circuit fault has occurred
in the second filter capacitor 52b flows without passing through the first filter reactor 51a. Therefore, the operation of
suppressing the short-circuit current is performed by the second filter reactor 51b and the third filter reactor 51c.
[0040] However, if the number of turns of the first filter reactor 51a is equal to that of the second filter reactor 51b and
a coupling coefficient of a magnetic circuit sufficiently approximates 1, L,=L,=M is established. Therefore, the sum L of
inductances of the first filter reactor 51a and the second filter reactor 51b is as follows.

L=LiytLoy=L1+Ly+2M=41,=4L,=4M

[0041] If the above formula is deformed, the following formula is obtained.

L1=L,=M=L/4

[0042] That is, assuming that the sum L of inductances is equal to an inductance of a single-stage reactor, each of
the self-inductance L of the first filter reactor 51a, the self-inductance L, of the second filter reactor 51b, and the mutual
inductance M is equal to 1/4 of the inductance L in the case of a single-stage reactor. This theory can also be understood
as follows. In order to obtain an inductance that is the same as that of a single-stage reactor, it suffices that the number
of turns of the first filter reactor 51a and the second filter reactor 51b is made half the number of turns in the case of the
single-stage reactor. Because the inductance is proportional to the square of a turn ratio, a self-inductance and a mutual
inductance are equal to 1/4.

[0043] Because the inductance of the third filter reactor 51c is set to be approximately the same as (substantially equal
to) the mutual inductance M, the inductance is approximately 1/4. Therefore, the sum of the inductance of the second
filter reactor 51b and the inductance of the third filter reactor 51c is approximately 1/2 of the inductance in the case of
the single-stage reactor. Therefore, an increase rate of a current flowing in the second filter capacitor 52b at which a
short-circuit fault has occurred is approximately twice the increase rate in the case where a short-circuit fault occurs in
the first filter capacitor 52a. As a result, as compared to the case where a short-circuit fault occurs in the first filter
capacitor 52a, the possibility of accidentally operating a circuit breaker of a system on a higher level than the circuit
breaker 4 becomes higher. When the circuit breaker of a higher-level system is accidentally operated, power supply to
other electric vehicles is also stopped, so that the vehicle operation of an entire railway company is greatly hindered.
[0044] Accordingly, when the double-stage filter illustrated in FIG. 5 is used, according to the conventional concept,
it is necessary to set the inductance of the second filter reactor 51b sufficiently larger than that of the first filter reactor
51a. However, even when the inductance of the second filter reactor 51b is larger than that of the first filter reactor 51a,
an optimal noise-current suppression effect cannot be obtained.

[0045] Therefore, in order to obtain an optimal noise-current suppression effect while assuming a short-circuit fault of
the second filter capacitor 52b, itis conceivable to use a filter reactor having a large capacitance for the third filter reactor
51c and a filter reactor having a large inductance for the first and second filter reactors (51a and 51b). However, this
concept is not desirable because the size of the filter reactor and the filter capacitor is increased.

[0046] On the other hand, in the filter device according to the first example useful for understanding the invention, the
fuse 53 that is connected to the second filter capacitor 52b in series and serves as a circuit disconnecting unit is connected
between the intermediate tap 57 and the low-potential side bus 55b. Therefore, even when a short-circuit fault occurs
in the second filter capacitor 52b that is a capacitance element connected without having a sufficiently large inductance
element between the overhead line 1 serving as a power supply source and the second filter capacitor 52b itself, a short-
circuit current flowing through the second filter capacitor 52b can be quickly blocked by the fuse 53.

[0047] Inacase of an electric vehicle, main-circuit current of an inverter generally reaches to a rated current of hundreds
of amperes. Meanwhile, a current from the intermediate tap 57 is several to tens of amperes at the most (equal to or
less than 1/10 of the rating), and thus the rated current of the fuse 53 can be sufficiently reduced. Accordingly, for
example, the rated current of the fuse 53 may be set to be equal to or larger than approximately 1/20 of the maximum
current flowing in the circuit breaker 4 and equal to or less than 1/10 thereof. In this case, as soon as a short-circuit
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currentis generated, the fuse 53 itselfis quickly melted and thus the short-circuit current can be blocked, so thatinfluences
of a circuit operation on the inverter 6 and the motor 7 can be reduced, and the reliability of an electric-vehicle system
can be improved.

[0048] When the fuse 53 is melted, it is possible to immediately determine that it is not a fault of the inverter 6 or the
motor 7 but a short-circuit fault of the second filter capacitor 52b, and thus recovery of a device can be immediately
performed. Note that it is easy to determine whether the fuse 53 has been melted. For example, it can be determined
by monitoring an end-to-end voltage of the fuse 53.

[0049] Inthefilter device according to the first example useful for understanding the invention, even when itis configured
as a double-stage filter device, it is not necessary to increase inductances of the first and second filter reactors (51a
and 51b) and these inductances can be set to be equal to each other. Accordingly, the filter device can be downsized
while securing a required filter characteristic.

[0050] In the filter device according to the first example useful for understanding the invention, the first filter reactor is
magnetically coupled to the second filter reactor, and thus the number of turns required for obtaining the same inductance
value can be less than that in a case where the first filter reactor is not magnetically coupled to the second filter reactor,
and the first and second filter reactors can be downsized. The size of a third filter reactor that becomes necessary
because of magnetic coupling is much smaller than that of the first filter reactor and the second filter reactor. As a result,
the effect of downsizing the first and second filter reactors is larger and the overall filter device can be downsized. The
size of the third filter reactor is small because a flowing current is equal to or less than 1/10, and thus the diameter of a
winding can be reduced.

[0051] Even when the fuse 53 is melted, the noise attenuation characteristic is made equivalent to that of a single-
stage filter. Accordingly, if a certain measure, for example, selecting a time slot where influences of noise are small or
the like is taken, a vehicle can travel by itself, and thus influences on the vehicle operation by a railway company can
be minimized.

[0052] When it is detected that the fuse 53 has been melted, as long as the circuit breaker 4 on a path for supplying
power to an electric-vehicle drive controller including the melted fuse (or a vehicle having the electric-vehicle drive
controller incorporated therein) is opened, a vehicle can travel by operating other electric-vehicle drive controllers where
no fault has occurred, and influences on the vehicle operation by a railway company can be minimized.

[0053] The present invention can be applied not only to a double-stage filter device but also to a case in which a
specified frequency bypass filter that includes an inductance element and a capacitance element for improving an
attenuation rate of a noise current in a specified frequency region is connected without having a sufficiently large induct-
ance element between a power supply source and the bypass filter itself, and identical effects can be achieved. This
same holds true for the following examples and embodiments.

[0054] Second example useful for understanding the invention.

[0055] The first example useful for understanding the invention has described an electric-vehicle drive controller that
uses a double-stage filter device in which a first reactor and a second filter reactor are magnetically coupled to each
other. A second example useful for understanding the invention describes a case of using a double-stage filter including
a first filter reactor and a second filter reactor that are not magnetically coupled to each other.

[0056] FIG. 9 is a diagram illustrating a configuration example of an electric-vehicle drive controller according to the
second example useful for understanding the invention of the present invention. Only features that are different from
the first example useful for understanding the invention in FIG. 1 are described here. A filter device 5F includes a first
filter reactor 51f and a second filter reactor 51g that are not magnetically coupled to each other. The inductance value
of the first filter reactor 51f is equal to that of the second filter reactor 51g. The fuse 53 and the second filter capacitor
52b are connected in series between a connection point 54F of the first filter reactor 51f and the second filter reactor
51g and the low-potential side bus 55b. Because the first filter reactor 51f is not magnetically coupled to the second filter
reactor 51g, the filter device 5F does not have a coupling compensation inductance element that compensates a negative
equivalent inductance component generated due to magnetic coupling.

[0057] A series circuit unit 56F includes the second filter reactor 51g (inductance element), the fuse 53 (circuit dis-
connecting unit), and the second filter capacitor 52b (capacitance element) that are connected in series. One end of the
first filter reactor 51f on a side of a power supply source of direct-current power is connected to the series circuit unit
56F at the connection point 54F of the first filter reactor 51f and the second filter reactor 51g.

[0058] Operations of the second example useful for understanding the invention are identical to those of the first
example useful for understanding the invention. The fuse 53 that is connected to the second filter capacitor 52b in series
and serves as a circuit disconnecting unit is connected between the intermediate tap 57 and the low-potential side bus
55b. Accordingly, even when a short-circuit fault occurs in the second filter capacitor 52b, a short-circuit current flowing
through the second filter capacitor 52b can be quickly blocked by the fuse 53. Therefore, the inductance value of the
first filter reactor 51f can be made equal to that of the second filter reactor 51g and the attenuation characteristic in a
high-frequency region can be improved.
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Embodiment.

[0059] In a filter device, in order to improve the attenuation rate of a noise current in a specified frequency region, for
example, a specified-frequency bypass filter 50 illustrated FIGS. 10 to 15 may be connected. In this case, by appropriately
selecting a capacitor and a reactor that constitute the specified-frequency bypass filter 50 that bypasses a noise current
of a specified frequency and removes the noise current, the frequency to be attenuated can be caused to match a
specified frequency and a desired amount of attenuation can be obtained. A filter device 5H illustrated in FIG. 10 is an
example of a case in which the specified-frequency bypass filter 50 is inserted to be closer to an overhead-line side than
a filter reactor 51X, in a single-stage filter device. A filter device 5J illustrated in FIG. 11 is an example of a case where
the specified-frequency bypass filter 50 is inserted to be closer to a load side than the filter reactor 51X. A filter device
5Killustrated in FIG. 12 is an example of a case where the specified-frequency bypass filter 50 is inserted to be closer
to an overhead line (a system) side than a second filter reactor 51b, in a double-stage filter device using filter reactors
that are magnetically coupled to each other. A filter device 5N illustrated in FIG. 13 is an example of a case where the
specified-frequency bypass filter 50 is inserted to be closer to a load side than a first filter reactor 51a. A filter device 5P
illustrated in FIG. 14 is an example of a case where the specified-frequency bypass filter 50 is inserted to be closer to
an overhead line (a system) side than a second filter reactor 51g, in a double-stage filter device using filter reactors that
are not magnetically coupled to each other. A filter device 5Q illustrated in FIG. 15 is an example of a case where the
specified-frequency bypass filter 50 is inserted to be closer to a load side than a first filter reactor 51f.

[0060] In the specified-frequency bypass filter 50, a fuse 53Z serving as a bypass-circuit disconnecting unit, a bypass
capacitor 52Z serving as a bypass capacitance element, a bypass reactor 51Z serving as a bypass inductance element,
and a current-limiting resistor 58 that prevents a noise current of a specified frequency from flowing too much are
connected in series. An inductance value of the bypass reactor 51Z and a capacitance value of the bypass capacitor
527 are determined by the magnitude of a specified frequency and that of a flowing noise current.

[0061] In the filter device 5H illustrated in FIG. 10, the specified-frequency bypass filter 50 is also a series circuit unit
56H. The fuse 53Z is a circuit disconnecting unit, the bypass reactor 51Z is also an inductance element of a series circuit
unit, and the bypass capacitor 527 is also a capacitance element. A connection point 54H where one end of the first
filter reactor 51X on a side of a power supply source is connected to one end of the series circuit unit 56H is a point
where one end of the fuse 53Z is connected to the first filter reactor 51X.

[0062] When the fuse 53Z is cut, the bypass capacitor 52Z and the bypass reactor 51Z have a low potential and an
operation is easily performed, and thus it is desirable to provide the fuse 53Z on a high-potential side.

[0063] For example, when L4 and L, are made equal in a double-stage filter as illustrated in FIG. 3, a noise current
on a high-frequency side can be attenuated; however, a noise currentis increased on a low-frequency side (approximately
15 hertz to 60 hertz in the example of FIG. 3). For example, if there is a signal device that malfunctions by a noise of
approximately 25 hertz and the like, it is desirable to have a filter device having a large attenuation rate at approximately
25 hertz. In such a case, for example, if the specified-frequency bypass filter 50 is connected as illustrated in FIG. 12,
the filter characteristic can obtain a desired attenuation rate at approximately 25 hertz as indicated by a one-dot chain
line in FIG. 16.

[0064] There is a case of connecting the specified-frequency bypass filter 50 to be closer to a system side than the
filter reactor 51X or the first and second filter reactors (51a and 51b), depending on the application of the specified-
frequency bypass filter 50 (examples of FIGS. 10, 12, and 14). In such a case, in order to solve the problem of a short-
circuit current at the time of a fault of a capacitor described above, a fuse needs to be connected to a capacitor in series.
As the fuse 53Z is connected to the bypass capacitor 52Z in series, even when a short-circuit fault occurs in the bypass
capacitor 52Z, a short-circuit current flowing through the bypass capacitor 52Z can be blocked by the fuse 53Z more
quickly.

[0065] Furthermore, even when the specified-frequency bypass filter 50 is connected to be closer to a load side than
the filter reactor 51X or the first and second filter reactors (51a and 51b) (examples of FIGS. 11, 13, and 15), it is
preferable to connect a fuse. As a fuse is provided in the specified-frequency bypass filter 50, a malfunction of a filter
element of the specified-frequency bypass filter 50 can be distinguished from a malfunction of the inverter 6, and thus
the reliability of an electric-vehicle system can be improved, and influences on the vehicle operation can be minimized.

Further embodiment.

[0066] A further embodiment describes a relation between the material of a switching element used for the inverter 6
and the filter characteristic. An element (a Si element) made of silicon (Si) is generally used for the switching element
used for the inverter 6. Recently, instead of this Si element, a switching element (SiC element) made of silicon carbide
(SiC) has attracted attention.

[0067] The SiC element has characteristics superior to the Si element. Such characteristics include a larger thermal
conductivity, availability of an operation at a high temperature, and a small switching loss even when a switching frequency
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is increased. However, if the SiC element is used, it is thought that a high-frequency noise is increased.

[0068] Meanwhile, as compared to a single-stage filter, the double-stage filter described above has a smaller noise
attenuation rate on a high-frequency side but a larger noise attenuation rate on a low-frequency side. Therefore, increase
of the switching frequency by using a SiC element makes the importance of the filter device using a double-stage filter
according to the present embodiment more significant.

[0069] Increase of a high-frequency noise is a very important issue for the filter device for an electric-vehicle drive
controller according to the present embodiment, because the increase exerts a large influence on signal devices and
safety devices. However, the double-stage filter according to the present embodiment has an excellent attenuation
characteristic on a high-frequency side, and thus the filter matches the recent technical trend of using a SiC element.
[0070] As described above, in the filter device using a double-stage filter according to the present embodiment, when
a SiC element is used as the switching element of the inverter 6, it is preferable to utilize the characteristics of the SiC
element, and it becomes possible to benefit from the SiC element.

[0071] SiC is characterized by a wider bandgap than Si, and thus SiC is an example of semiconductors referred to as
"wide bandgap semiconductors". In addition to SiC, for example, the wide bandgap semiconductors also include a gallium
nitride material and a semiconductor formed of diamond, and thus itis also possible to use wide bandgap semiconductors
other than those made of SiC.

[0072] The configuration of the embodiments described above is only an example of the configuration of the present
invention. The configuration can be combined with other well-known techniques, and it is needless to mention that the
present invention can be configured while modifying it without departing from the the invention, such as omitting a part
of the configuration. The scope is defined by the attached claims.

[0073] Furthermore, in the embodiments described above, while the contents of the present invention have been
described assuming that the filter device that is applied to an electric-vehicle drive controller is used, the application field
of the invention is not limited thereto. The present invention can be widely applied to a configuration that includes a filter
device being interposed between a circuit breaker that is provided on a direct-current bus on a high-voltage side and
an inverter at the time of receiving direct-current power from a power supply source, thereby being operated to prevent
a noise current from flowing out from the inverter to a side of the power supply source.

Industrial Applicability
[0074] As described above, the present invention is useful as a filter device for an electric-vehicle drive controller.
Reference Signs List

[0075] 1 overhead line, 2 rail, 3 power collector, 4 circuit breaker, 5, 5X, 5Y, 5F, 5H, 5J, 5K, 5N, 5P, 5Q filter device,
6 inverter, 7 motor, 50 specified-frequency bypass filter, 51a first filter reactor, 51b second filter reactor, 51c third filter
reactor, 51X filter reactor, 51Z bypass reactor, 52a first filter capacitor, 52b second filter capacitor, 52X filter capacitor,
527 bypass capacitor, 53, 53Z fuse, 54, 54F, 54H connection point, 55a high-potential side bus, 55b low-potential side
bus, 56, 56F, 56H series circuit unit, 57 intermediate tap, 58 current-limiting resistor.

Claims

1. A filter device (5) that is provided between an overhead line (1) and an inverter (6) that receives power from the
overhead line, and is electrically connected to a circuit breaker of a system on a higher level than the overhead line,
the filter device comprising:

a first filter capacitor (52a) that is provided in parallel to a direct-current unit of the inverter between a high-
potential side bus (55a) of the direct-current unit of the inverter and a low-potential side bus (55b) of the direct-
current unit of the inverter;

a second filter capacitor (52b) that is provided to be closer to a side of the overhead line than the first filter
capacitor and that is provided in parallel to the first filter capacitor between the high-potential side bus and the
low-potential side bus;

a first filter reactor (51a) that is provided on the high-potential side bus between the first filter capacitor and the
second filter capacitor;

a second filter reactor (51b) that is provided on the high-potential side bus between the second filter capacitor
and the overhead line, and is magnetically coupled to the first reactor; and

a circuit disconnecting unit (53) that is serially connected to the second filter capacitor between a connection
point of the first filter reactor and the second filter reactor that are magnetically coupled to each other and the
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low-potential side bus;

a specified-frequency bypass filter (50) that removes a noise current of a specified frequency, in which a bypass
circuit disconnecting unit (53Z), a bypass inductance element (51Z), and a bypass capacitance element (522)
are connected in series, wherein

the specified-frequency bypass filter is provided between the high-potential side bus and the low-potential side
bus, and is provided in parallel to the first filter capacitor and the second filter capacitor, where one end of the
specified-frequency bypass filter is connected between the overhead line and the second filter reactor or between
a high-potential side of the first filter capacitor and the first filter reactor and the other end of the specified-
frequency bypass filter is connected to the low-potential side bus.

The filter device according to claim 1, wherein

the first filter reactor (51a) and the first filter capacitor (52a) constitute a first-stage filter circuit that decreases a
noise current generated by the inverter (6);

the second filter reactor (51b) and the second filter capacitor (52b) constitute a second-stage filter circuit that
decreases a noise current generated by the inverter (6).

The filter device according to claim 1 or 2, that is connected to a circuit breaker (4) provided between the overhead
line and the second filter reactor, wherein

a rated current of the circuit disconnecting unit is smaller than a rated current of the circuit breaker that is provided
between the overhead line and the second filter reactor.

The filter device according to any of claims 1 to 3, wherein the circuit disconnecting unit is provided on a high-
potential side of the second filter capacitor.

The filter device according to any one of claims 1 to 4, wherein an inductance value of the first filter reactor is
substantially equal to an inductance value of the second filter reactor.

The filter device according to any one of claims 1 to 5, comprising a coupling compensation inductance element
(51c) that is connected in parallel to the first filter capacitor and connected to the second filter capacitor and the
circuit disconnecting unit in series between the high-potential side bus and the low-potential side bus.

The filter device according to claim 6, wherein an inductance of the coupling compensation inductance element is
substantially equal to a mutual inductance between the first filter reactor and the second filter reactor.

The filter device according to any one of claims 1 to 7, wherein

a part of a reactor with an intermediate tap having an intermediate tap, which is on a side closer to the inverter with
respect to the intermediate tap, is the first filter reactor, and

a part of the reactor with an intermediate tap, which is on a side closer to the overhead line with respect to the
intermediate tap, is the second filter reactor.

The filter device according to any one of claims 1 to 8, wherein the rated current of the circuit disconnecting unit is
equal to or larger than 1/20 of a maximum current flowing in the circuit breaker and equal to or less than 1/10 of the
maximum current.
An electric-vehicle drive controller comprising:

the inverter;

the filter device according to any one of claims 1 to 9; and

a motor (7) that is driven by the inverter.

The electric-vehicle drive controller according to claim 10, wherein even when it is detected that the circuit discon-
necting unit is operated, the motor is driven by the inverter to execute propulsion control of an electric vehicle.

The electric-vehicle drive controller according to claim 10, including a circuit breaker that is serially provided on a
side closer to the power supply source than the inductance element, wherein

when it is detected the circuit disconnecting unit is operated, the circuit breaker is opened.

The electric-vehicle drive controller according to any one of claims 10 to 12, wherein a switching element of the

1"
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inverter is formed of a wide bandgap semiconductor.

14. The electric-vehicle drive controller according to claims 13, wherein the wide bandgap semiconductor is a semicon-
ductor using silicon carbide, a gallium nitride material, or diamond.

Patentanspriiche

1. Filtereinrichtung (5), die zwischen einer Oberleitung (1) und einem Umrichter (6) bereitgestellt ist, der Leistung von
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der Oberleitung empfangt, und elektrisch verbunden ist mit einem Schaltkreisunterbrecher eines Systems auf einem
héheren Niveau als die Oberleitung, wobei die Filtereinrichtung aufweist:

einen ersten Filterkondensator (52a), der parallel zu einer Gleichstromeinheit des Umrichters zwischen einem
Hochpotentialseitenbus (55a) der Gleichstromeinheit des Umrichters und einem Niedrigpotentialseitenbus (55b)
der Gleichstromeinheit des Umrichters bereitgestellt ist;

einen zweiten Filterkondensator (52b), der dazu bereitgestellt ist, ndher an einer Seite der Oberleitung zu sein
als der erste Filterkondensator und der parallel zu dem ersten Filterkondensator zwischen dem Hochpotential-
seitenbus und dem Niedrigpotentialseitenbus bereitgestellt ist;

eine erste Filterspule (51a), die auf dem Hochpotentialseitenbus zwischen dem ersten Filterkondensator und
dem zweiten Filterkondensator bereitgestellt ist;

eine zweite Filterspule (51b), die auf dem Hochpotentialseitenbus zwischen dem zweiten Filterkondensator und
der Oberleitung bereitgestellt ist und magnetisch mit der ersten Spule gekoppelt ist; und

eine Schaltkreisunterbrechungseinheit (53), die in Reihe mit dem zweiten Filterkondensator verbunden ist zwi-
schen einem Verbindungspunkt der ersten Filterspule und der zweiten Filterspule, die magnetisch miteinander
gekoppelt sind, und dem Niedrigpotentialseitenbus;

einen spezifischen Frequenzbypassfilter (50), der einen Rauschstrom einer spezifischen Frequenz entfernt, in
dem eine Bypass-Schaltkreisunterbrechungseinheit (53Z), ein Bypass-Induktionselement (51Z)und ein Bypass-
Kapazitivelement (52Z) in Reihe verbunden sind, wobei

der spezifische Frequenzbypassfilter zwischen dem Hochpotentialseitenbus und dem Niedrigpotentialseitenbus
bereitgestellt ist, und parallel zu dem ersten Filterkondensator und dem zweiten Filterkondensator bereitgestellt
ist, und wobei ein Ende des spezifischen Frequenzbypassfilters verbunden ist zwischen der Oberleitung und
der zweiten Filterspule oder zwischen einer Hochpotentialseite des ersten Filterkondensators und der ersten
Filterspule, und das andere Ende des spezifischen Frequenzbypassfilters verbunden ist mit dem Niedrigpoten-
tialseitenbus.

Filtereinrichtung nach Anspruch 1, wobei

die Filterspule (51a) und der erste Filterkondensator (52a) einen ersten Stufenfilterschaltkreis ausbilden, der einen
Rauschstrom, der durch den Umrichter (6) erzeugt wird, verringert;

die zweite Filterspule (51b) und der zweite Filterkondensator (52b) einen zweiten Stufenfilterschaltkreis ausbilden,
der einen durch den Umrichter (6) erzeugten Rauschstrom verringert.

Filtereinrichtung nach Anspruch 1 oder 2, die mit einem Schaltkreisunterbrecher (4) verbunden ist, die zwischen
der Oberleitung und der zweiten Filterspule bereitgestellt ist, wobei

ein Bemessungsstrom der Schaltkreisunterbrechungseinheit kleiner ist als ein Bemessungsstrom des Schaltkreis-
unterbrechers, der zwischen der Oberleitung und der zweiten Filterspule bereitgestellt ist.

Filtereinrichtung nach einem der Anspriiche 1 bis 3, wobei die Schaltkreisunterbrechungseinheit auf einer Hochpo-
tentialseite des zweiten Filterkondensators bereitgestellt ist.

Filtereinrichtung nach einem der Anspriiche 1 bis 4, wobei ein Induktionswert der ersten Filterspule im Wesentlichen
gleich dem Induktionswert der zweiten Filterspule ist.

Filtereinrichtung nach einem der Anspriiche 1 bis 5, des Weiteren mit einem Kopplungskommunikationsinduktive-
lement (51c), das parallel zu dem ersten Filterkondensator verbunden ist und mit dem zweiten Filterkondensator
und der Schaltkreisunterbrechungseinheit in Reihe zwischen dem Hochpotentialseitenbus und dem Niedrigpoten-
tialseitenbus verbunden ist.

Filtereinrichtung nach Anspruch 6, wobei eine Induktivitat des Kopplungskompensationsinduktionselements im We-
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sentlichen gleich zu einer Gegeninduktivitat zwischen der ersten Filterspule und der zweiten Filterspule ist.

Filtereinrichtung nach einem der Anspriiche 1 bis 7, wobei

ein Teil einer Spule mit einem Zwischenabagriff, der einen Zwischenabgriff aufweist, welcher auf einer Seite naher
zu dem Umrichter in Bezug auf den Zwischenabagriff ist, die eine erste Filterspule ist, und

ein Teil der Spule mit einem Zwischenabgriff, welcher auf einer Seite ndher zu der Oberleitung in Bezug auf den
Zwischenabgriff ist, der die zweite Filterspule ist.

Schaltkreisunterbrechereinheit nach einem der Anspriiche 1 bis 8, wobei der Bemessungsstrom der Schaltkreis-
unterbrechungseinheit gleich zu oder groRer als 1/20 eines Maximalstroms ist, der in den Schaltkreisunterbrecher
strdomt und gleich zu oder weniger als 1/10 des Maximalstroms ist.

Elektrofahrzeugantriebssteuerung mit:

dem Umrichter;
der Filtereinrichtung gemaR einem der Anspriiche 1 bis 9; und
einem Motor (7), der durch den Umrichter angetrieben ist.

Elektrofahrzeugantriebssteuerung nach Anspruch 10, wobei, sogar wenn es erfasst wird, dass die Schaltkreisun-
terbrechungseinheit in Betrieb ist, der Motor durch den Umrichter angetrieben wird, um eine Antriebssteuerung
eines Elektrofahrzeugs auszufiihren.

Elektrofahrzeugantriebssteuerung nach Anspruch 10, des Weiteren mit einem Schaltkreisunterbrecher, derin Reihe
auf einer Seite naher zu der Leistungsversorgungsquelle als das Induktivelement bereitgestellt ist, wobei

wenn erfasst wird, dass die Schaltkreisunterbrechungseinheit in Betrieb ist, der Schaltkreisunterbrecher gedffnet
wird.

Elektrofahrzeugantriebssteuerung nach einem der Anspriiche 10 bis 12, wobei ein Schaltelement des Umrichters
aus einem Halbleiter mit groRer Bandliicke ausgebildet ist.

Elektrofahrzeugantriebssteuerung nach Anspruch 13, wobei der Halbleiter mit groRer Bandliicke ein Halbleiter ist,
der Siliziumkarbid, Galliumnitridmaterial oder Diamant nutzt.

Revendications

1.

Dispositif filtrant (5) qui est fourni entre une ligne aérienne (1) et un onduleur (6) qui recoit une alimentation depuis
la ligne aérienne, et connecté électriquement a un disjoncteur du systéme a un niveau supérieur a celui de la ligne
aérienne, le dispositif filtrant comprenant :

un premier condensateur de filtrage (52a) fourni en paralléle a une unité de courant continu de 'onduleur entre
un bus cété potentiel élevé (55a) de I'unité de courant continu de 'onduleur et un bus cbté potentiel faible (55b)
de l'unité de courant continu de 'onduleur ;

un second condensateur de filtrage (52b) fourni pour étre plus prés d’un c6té de la ligne aérienne que le premier
condensateur de filtrage et fourni en paralléle au premier condensateur de filtrage entre le bus c6té potentiel
élevé et le bus c6té potentiel faible ;

une premiere bobine de réactance de filtrage (51a) fournie sur le bus c6té potentiel élevé entre le premier
condensateur de filtrage et le second condensateur de filtrage ;

une seconde bobine de réactance de filtrage (51b) fournie sur le bus c6té potentiel élevé entre le second
condensateur de filtrage et la ligne aérienne, et couplée magnétiquement a la premiére bobine de réactance ; et
une unité de déconnexion de circuit (53) connectée en série au second condensateur de filtrage entre un point
de connexion de la premiére bobine de réactance de filirage et du second bobine de réactance de filtrage qui
sont couplés magnétiquement I'un a l'autre et le bus c6té potentiel faible ;

un filtre de dérivation de fréquence spécifiée (50) qui élimine un courant de bruit d’'une fréquence spécifiée,
dans lequel une unité de déconnexion de circuit de dérivation (53Z), un élément d’inductance de dérivation
(512), et un élément de capacitance de dérivation (52Z) sont connectés en série, dans lequel

le filtre de dérivation de fréquence spécifiée est fourni entre le bus cété potentiel élevé et le bus coté potentiel
faible, et est fourni en paralléle au premier condensateur de filirage et au second condensateur de filtrage, une
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extrémité du filtre de dérivation de fréquence spécifiée étant connectée entre la ligne aérienne et la seconde
bobine de réactance de filirage ou entre un c6té potentiel élevé du premier condensateur de filtrage et la
premiére bobine de réactance de filtrage et I'autre extrémité du filtre de dérivation de fréquence spécifiée étant
connectée au bus c6té potentiel faible.

Dispositif filtrant selon la revendication 1, dans lequel

la premiére bobine de réactance de filtrage (51a) et le premier condensateur de filtrage (52a) constituent un circuit
de filtrage de premier étage qui réduit un courant de bruit généré par 'onduleur (6) ;

la seconde bobine de réactance de filtrage (51b) et le second condensateur de filirage (52b) constituent un circuit
de filtrage de second étage qui réduit un courant de bruit généré par I'onduleur (6).

Dispositif filtrant selon la revendication 1 ou 2, lequel est connecté a un disjoncteur (4) fourni entre la ligne aérienne
et la seconde bobine de réactance de filtrage, dans lequel

un courant nominal de I'unité de déconnexion de circuit est inférieur a un courant nominal du disjoncteur qui est
fourni entre la ligne aérienne et la seconde bobine de réactance de filtrage.

Dispositif filtrant selon I'une quelconque des revendications 1 a 3, dans lequel I'unité de déconnexion de circuit est
fournie sur un cété potentiel élevé du second condensateur de filtrage.

Dispositif filtrant selon 'une quelconque des revendications 1 a 4, dans lequel une valeur d’'inductance de la premiére
bobine de réactance de filtrage est sensiblement égale a une valeur d’'inductance de la seconde bobine de réactance
de filtrage.

Dispositif filtrant selon I'une quelconque des revendications 1 a 5, comprenant un élément d’inductance de com-
pensation de couplage (51c) qui est connecté en parallele au premier condensateur de filtrage et connecté au
second condensateur de filtrage et a I'unité de déconnexion de circuit en série entre le bus cété potentiel élevé et
le bus coté potentiel faible.

Dispositif filtrant selon la revendication 6, dans lequel une valeur d’inductance de I'élément d’inductance de com-
pensation de couplage est sensiblement égale a une valeur d’inductance mutuelle entre la premiére bobine de
réactance de filtrage et la seconde bobine de réactance de filtrage.

Dispositif filtrant selon I'une quelconque des revendications 1 a 7, dans lequel

une partie d’'une bobine de réactance a prise intermédiaire ayant une prise intermédiaire, qui est placée sur un cbté
plus proche de I'onduleur par rapport a la prise intermédiaire, est la premiere bobine de réactance, et

une partie de la bobine de réactance a prise intermédiaire, qui est située sur un coté plus proche de la ligne aérienne
par rapport a la prise intermédiaire, est la seconde bobine de réactance de filtrage.

Dispositif filtrant selon 'une quelconque des revendications 1 a 8, dans lequel le courant nominal de I'unité de
déconnexion de circuit est égal ou supérieur a 1/20 d’'un courant maximum passant dans le disjoncteur et égal ou
inférieur a 1/10 du courant maximum.

Contréleur d’entrainement de véhicule électrique comprenant :

'onduleur ;
le dispositif filtrant selon I'une quelconque des revendications 1a 9 ; et
un moteur (7) entrainé par I'onduleur.

Contréleur d’entrainement de véhicule électrique selon la revendication 10, dans lequel méme quand il est détecté
que l'unité de déconnexion de circuit est actionnée, le moteur est entrainé par I'onduleur pour exécuter une com-
mande de propulsion d’un véhicule électrique.

Contréleur d’entrainement de véhicule électrique selon la revendication 10, comportant un disjoncteur qui est fourni
en série sur un c6té plus proche de la source d’alimentation électrique que I'élément d’inductance, dans lequel

quand il est détecté que I'unité de déconnexion de circuit est actionnée, le disjoncteur est ouvert.

Contréleur d’entrainement de véhicule électrique selon I'une quelconque des revendications 10 a 12, dans lequel
un élément de commutation de I'onduleur est formé d’'un semi-conducteur a large bande interdite.
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14. Contréleur d’entrainement de véhicule électrique selon la revendications 13, dans lequel le semi-conducteur a large
bande interdite est un semi-conducteur utilisant du carbure du silicium, un matériau de nitrure de gallium ou du
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